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,QWURGXFWLRQ
$VH[SODLQHGE\VWXGLHVLQ2QWRJHQHVLVRI$UFKLWHFWXUHWKHRULJLQVRI1HROLWKLFFXOWEXLOGLQJVXVXDOO\UHIOHFWWKH
FRPSOH[HYROXWLRQEDVHGRQWZRVRXUFHV7KHILQDOIRUPRIDFXOWEXLOGLQJJHQHUDOO\UHSHDWHGWKHVKDSHRIDVLPSOH
DUFKDLFKXWZKLFKZDVPRQXPHQWDOL]HGDVZHOODVLWZDVGHVFHQGDQWRIQRPDGLFFXOWHQFORVXUHVZKLFKZHUHDUUDQJHG
LQRSHQODQGVFDSH5HVHDUFKZKLFKLVJRLQJWRFRQILUPVXFKDGRXEOHFKDQQHOOHGWUDQVLWLRQIURPURXQGVKHOWHUVDQG
ULWXDOFHQWUHVLQRSHQODQGVFDSHWRURRIHGFXOWEXLOGLQJVZDVEDVHGRQWKHDQDO\VLVRIOD\RXWVRIWKHXQFRYHUHGFXOW
HQFORVXUHVDQGVDQFWXDULHVRQDVLWHYLVLWUHIHUHQFHOLWHUDWXUHIRUPHUVWXGLHVLQRQWRJHQHVLVRIDUFKLWHFWXUHDVZHOO
DVRQGLUHFWGLVFXVVLRQVZLWKDUFKDHRORJLVWV7KLVDQDO\VLVZDVFRQIURQWHGZLWKJHQHUDONQRZOHGJHREWDLQHG IURP
DUFKDHRORJ\DQWKURSRORJ\RIFXOWXUHDVZHOODVIURPSUHYLRXVVWXGLHVLQRQWRJHQHVLVRIDUFKLWHFWXUH
)URPDZRUVKLSLQWKHRSHQODQGVFDSHWRDWHPSOH
1RPDGVXVHGWRZRUVKLSDQGRIIHUVDFULILFHVWRWKHLUJRGVRQWKHQDWXUDOKHLJKWVLQVLJQLILFDQWSODFHVRIODQGVFDSH
7KH\KDGLQKLJKHVWHHPQRWRQO\WKHKRXVHRIDQFHVWRUVDQGWKHLUVOHHSLQJSODFHEXWDOVRVHOHFWHGREMHFWVRIQDWXUH±
URFNVKLOOVDQGWUHHVZKLFKKDGEHHQWDONHGE\WKHLUP\WKV,QDWULEDOUHDOLW\FXOWREMHFWVRIQDWXUHZKLFKFRQWDLQHG
DQRWLRQRIHWHUQDOUHQHZDEOHIRUFHVDORQJZLWKP\WKVIRXQGHGDVWURQJEDVLVRIWUDGLWLRQXQLI\LQJDWULEHZLWKD
SODFH7KHODQGVFDSHVHHPHGWRSOD\IRUSUHKLVWRULFWULEDOSHRSOHDVLPLODUUROHDVWKHZRUOGRIFXOWXUHDQGUHOLJLRQ
SOD\VIRUXV,QWKLVUHVSHFWWKHODQGVFDSHKDVEHFRPHLQVRPHVHQVHDNLQGRIJHQHDORJLFDOWUHH>@
7KHZRUOG¶VROGHVWPHJDOLWKLFFXOWHQFORVXUHVLQ*|EHNOL7HSH
7KHUHLVDYHU\VLJQLILFDQWSODFH*|EHNOL7HSHORFDWHGRQWKHWRSRIWKHKLOOQHDU%DOLNKULYHUNPQRUWKHDVWIURP
ùDQOLXUID LQ VRXWKHDVWHUQ 7XUNH\ H[FDYDWHG LQ    E\ SURI GU .ODXV 6FKPLGW IURP WKH *HUPDQ
$UFKDHRORJLFDO,QVWLWXWHRI,VWDQEXO7KHVLWHDSSHDUVWRKDYHEHHQDQLPSRUWDQWUHOLJLRXVDQGJDWKHULQJFHQWUHLQWKH
(SL3DODHROLWKLFDQG1HROLWKLFWLPHZKLFKZDVYLVLWHGRFFDVLRQDOO\E\VHOHFWHGPHPEHUVRIWULEDOFRPPXQLWLHVRI
KXQWHUVDQGJDWKHUHUVDQGODWHURQE\HDUO\IDUPHUVWRFHOHEUDWHWRJHWKHULPSRUWDQWHYHQWV,WLVORFDWHGLQWKHPLGGOH
SDUWRIWKHVRFDOOHG)HUWLOH&UHVWWKHDUHDEHWZHHQXSSHUUXQVRI(XSKUDWHVZKHUHDJULFXOWXUHDQGVHGHQWDU\ZD\RI
OLYLQJZHUHERUQ 


)LJ7KHPDSRI$QDWROLD
ùDQOLXUIDDUHDZLWKWKHLPSRUWDQW1HROLWKLFVLWHV
)LJ*|EHNOL7HSHQùDQOLXUID6(7XUNH\7KH
FLUFXODUHQFORVXUH(RIGLDPHWHUDERXWPZLWKWZRFLVWHUQ
OLNHSLWVLQDSODFHRISLOODUVDORQJFHQWUDOD[LV,WZDVKHZQ
LQDEHGURFNDWWKHKHLJKWRIWKHKLOOVORSHRYHUORRNLQJ
VXUURXQGLQJDUHD

(LJKWPHJDOLWKLF HQFORVXUHV XVHG IRU ULWXDO FHUHPRQLHV KDYHEHHQXQFRYHUHG DW*|EHNOL7HSHRQ WKH FHQWUDO KLOO
0RUHRYHUJHRPDJQHWLFVXUYH\VUHYHDOHGWKHH[LVWHQFHRIODUJHHQFORVXUHVLQWKHVXUURXQGLQJDUHDLQFOXGLQJDERXW
SLOODUV7KH\KDYHWVKDSHIRUPDQGDUHIL[HGLQWRVRFNHWVWKDWZHUHKHZQRXWRIWKHEHGURFN6RPHSLOODUVUHDFK
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KHLJKWXSWRPDQGZHLJKWXSWRWRQV$UFKDHRORJLVWVHVWLPDWHGWKDW*|EHNOL7HSHFRPSOH[ZDVGHYHORSHGLQWZR
VWDJHV7KHROGHVWVWUXFWXUHVEHORQJHGWRZKDWDUFKDHRORJLVWVFDOOWKHHDUO\3UH3RWWHU\1HROLWKLF$SHULRGF
%&(6XUSULVLQJO\WKHODWHUUHPDLQVZKLFKDUHGDWHGWRWKH3UH3RWWHU\1HROLWKLF%SHULRG%&(
ZHUH OHVV HODERUDWHG 7KH HDUOLHVW OHYHOV FRQWDLQ PRVW RI ULWXDO HQFORVXUHV ZLWK WKH 7VKDSHG SLOODUV DQG DQLPDO
VFXOSWXUHVZLWKQRVLJQRIGZHOOLQJV,QWKHVHFRQGSKDVH3UH3RWWHU\1HROLWKLF%331%WKHVPDOOHUSLOODUVP
KLJKZHUHSODFHGLQUHFWDQJXODUURRPVZLWKIORRUVRISROLVKHGOLPH7KHVLWHZDVDEDQGRQHGDIWHUWKH331%SHULRG
7KHVSDWLDORUJDQL]DWLRQRIWKHFXOWHQFORVXUHVZLWKDQXPEHU
RIKXJHVWRQHVVHWLQDFLUFOHDQGVXUURXQGLQJFHQWUDOSLOODUV
DSSHDUV WR EH D SUHVDJH RI WKH 6WRQHKHQJH FRPSOH[ LQ
:LOWVKLUH LQ (QJODQG DOWKRXJK LW LV KRZHYHU  \HDUV
ROGHUWKDQWKHIDPRXVFURPOHFK7KHEDVLFHOHPHQWRIWKHLU
VWUXFWXUHZDVD7VKDSHVWRQHSLOODU
,Q WKH*|EHNOL7HSHVLWHHYHU\HQFORVXUHKDGDQXPEHU
"RIVWRQH7VKDSHGSLOODUVVXUURXQGLQJDSDLURI
ODUJHSLHUVVHWLQWKHPLGGOH7KHROGHVW/331$VWUXFWXUH$
VHH)LJGDWLQJEDFNWR%&(LVUDWKHURYDOLQ
SODQ ZLWK VXUSULVLQJO\ VWUDLJKW DQJOHG SRVLWLRQ RI SLOODUV
$UFKDHRORJLVWV LQWHUSUHWHG WKH 7IRUP RI WKH SLOODUV DV
DQWKURSRPRUSKLFEHFDXVHVRPHRIWKHSLOODUVKDYHDUPVDQG
KDQGV VFXOSWXUHGRQZLGHU VLGHV DVZHOO DVRWKHU IHDWXUHV
ZKLFK PDNH UHVHPEODQFH WR VWDWXHV RI KXPDQOLNH EHLQJV
> )LJ @ 8QGRXEWHGO\ WKH DEVWUDFW IRUP RI
UHSUHVHQWDWLRQ ZDV LQWHQWLRQDO DQG V\PEROLF UDWKHU WKDQ
QDWXUDOLVWLF 7KH PHDQLQJIXO VHTXHQFHV RI DQLPDO
UHSUHVHQWDWLRQV ZHUH GHSLFWHG RQ VRPH SLHUV VXFK DV 
VQDNHVDQGD UDPDEXOOD IR[DQGDFUDQHD VQDNH
ZKLOVW VRPH SLOODUV VWD\HG XQGHFRUDWHG 7KH RYDO VKDSHG
HQFORVXUH%RIFP LQGLDPHWHU %&(KDG
DOVRRYHUDOORUSLOODUVLQQXPEHU
7KH PRVW LPSUHVVLYH FLUFXODU HQFORVXUH & ±
%&( HYHQ FRQWDLQHG DGRXEOH URZRI VXUURXQGLQJSLOODUV
ZLWKLQHDFKURZ7KHLQQHUGLDPHWHUZDVPDQGWKH
RXWVLGHP7KLVVWUXFWXUHKDGDOVRDSDVVDJH±DNLQGRID
³GURPRV´OHDGLQJIURPWKH6RXWKWRWKHFHQWUHDOLJQHGZLWK
WKH1( D[LV  7KH VLPLODU SDWWHUQ UHSUHVHQWHG WKH FLUFXODU
HQFORVXUH'ZLWKFHQWUDOSDLURIWKHYHUWLFDO7VKDSHGVWRQH
VODEVHQFLUFOHGE\QXPEHURISLOODUV)LJ

7UDQVLWLRQIURPWKHFLUFXODUWRUHFWLOLQHDUSODQVRIEXLOGLQJLQHDUO\1HDU(DVWHUQVHWWOHPHQWV
$UFKDHRORJLFDOH[FDYDWLRQVUHYHDOWKDWDORQJZLWKWKHGHYHORSPHQWRIVHGHQWDU\ZD\RIOLYLQJSULPDU\RYDODQG
FLUFXODUKXWVZHUHVXFFHVVLYHO\UHSODFHGE\WKHPRUHFRPSOH[UHFWDQJXODUEXLOGLQJV7KHUHDVRQEXLOGHUVVZLWFKHGWR
WKHULJKWDQJOHZDVUDWKHUSUDFWLFDO7KHUHFWDQJXODULHFRQJUXHQWVKDSHVZHUHPRVWFRQYHQLHQWLQPXOWLURRPKRXVHV
EHFDXVHWKH\HDVHGGLYLVLRQRIVSDFHDQGDOORZHGUHVROYLQJPDQ\FRPSOLFDWHGSUREOHPV
8QGRXEWHGO\DWWKDWOHYHORIFLYLOL]DWLRQGHYHORSPHQWWKHSURJUHVVZDVDFKLHYHGLQWKHDELOLW\RIEHWWHUVWUXFWXUDO
DQGVSDWLDOFRRUGLQDWLRQ,WGLGQ
WPHDQKRZHYHUWKDWUHFWDQJOHXVHGLQDIORRUSODQZDVE\LWVHOIDKLJKHUDQGPRUH
HYROYHGIRUPWKDQDFLUFOH2QWKHFRQWUDU\VLQFHWKHFLUFXODUIRUPZDVPRUHDUFKDLFLQPDQ\FXOWXUHVLWREWDLQHGLQ
DFRXUVHRIWLPHDVSHFLDOV\PEROLFYDOXH$VDPHDQLQJIXOVKDSHUHODWHGWRWKHDQFHVWRUV¶WUDGLWLRQLWZDVRIWHQNHSW
LQUHOLJLRXVFHUHPRQLDOVWUXFWXUHVHYHQDIWHUWKHDSSHDUDQFHRIQHZUHFWLOLQHDUIRUPXVHGWROD\RXWGZHOOLQJV



)LJ6FKHPDWLFSODQRIWKHHQFORVXUHV$%&'DQG
µ/LRQVSLOODUV¶%XLOGLQJDW*|EHNOL7HSHWKHROGHVWPDUNHGEODFN
$IWHU.6FKPLGW
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 
)LJ9LHZRIWKHFXOWHQFORVXUH%DW*|EHNOL7HSHQ
ùDQOLXUID6(7XUNH\%&(3KRWR$UFKLYH
RI*HUPDQ,QVWLWXWHRI$UFKDHRORJ\+HLGHOEHUJ

)LJ9LHZRIWKHFXOWHQFORVXUH'
DW*|EHNOL7HSH
3KRWR07REROF]\N

)LJ7KHSLOODUZLWKKDXWUHOLHI
RIDFDQLGDQGDERDURQWKHEDVLV
DQGELUGV IO\LQJRYHU WKHSLFNRI
PRXQWDLQ RQ WKH GLDPRQG JULG
HQJUDYHGRQWKH³FDSLWDO´SDUWRI
WKHHQFORVXUH&

$QHYROXWLRQIURPFLUFXODUIRUPRIEXLOGLQJLQWRUHFWDQJXODURQHLVDFRPPRQIHDWXUHLQDOO1HROLWKLFFXOWXUHV
PDUNLQJDPRPHQWRIWUDQVLWLRQIURPKXQWHUVJDWKHUHUVWRDJULFXOWXUDOVRFLHW\,WPD\EHDFRQVHTXHQFHRIGLVWULEXWLRQ
RIODQGJURZLQJVL]HRIKRXVHVZKLFKEHFDPHPXOWLURRPVWUXFWXUHVDVZHOODVRIUDLVLQJGHQVLW\RIYLOODJHVZKLFK
ZHUHRIWHQVXUURXQGHGE\GHIHQVLYHZDOOV$W*|EHNOL7HSHVXFKWUDQVIRUPDWLRQLVHYLGHQWLQWKHOD\HU,,EHORQJLQJ
WR33%$HUD$W WKDWSKDVHPXOWLURRPGZHOOLQJKRXVHVDSSHDUZLWKDUHFWLOLQHDUSODQILJ7KHOD\RXWRI WKH
LPSUHVVLYH³%XLOGLQJRI/LRQV¶3LOODU´H[SUHVVHVWKHWLPHRIWUDQVIRUPDWLRQLQDVSHFLILFZD\7KHWUDGLWLRQDOFLUFXODU
DUUDQJHPHQWRIWKHHQFORVXUHZLWKDYHUWLFDOVWRQH7VKDSHGSLOODUVKDVEHHQDGDSWHGDQGLQVHUWHGLQWRWKHUHFWDQJXODU
SODQILJ
7KLVFKDQJHPRVWOLNHO\LQGLFDWHVWKHPRPHQWRIWUDQVLWLRQIURPRSHQDLUULWXDOHQFORVXUHVWRWKHURRIHGWHPSOHV
7KHFLUFXODUHQFORVXUHVUHTXLUHGJUHDWHUXQFRYHUHGVSDFHIRUULWXDOGDQFHVDQGZRUVKLSVSHUIRUPHGLQDVHTXHQFH
UHODWHGWRRSHQVN\SKHQRPHQD$VH[SODLQHGE\H[FDYDWRUVRQO\VXUURXQGHGSDVVDJHFRXOGEHFRYHUHGZLWKDURRI
7KH%XLOGLQJRI/LRQV¶3LOODUZDVVPDOOHUEXWPRUHHODERUDWHGDQGLWLVFRQVLGHUHGWKHPRVWLPSUHVVLYHVWUXFWXUH
H[FDYDWHGLQWKHHQWLUHFRPSOH[)LJ


 
)LJ/LRQV%XLOGLQJDW*|EHNOL7HSHSKRWR$UFKLYHRI*HUPDQ
,QVWLWXWHRI$UFKDHRORJ\+HLGHOEHUJ
)LJ/LRQV%XLOGLQJDW*|EHNOL7HSHSKRWR
$UFKLYHRI*HUPDQ,QVWLWXWHRI$UFKDHRORJ\
+HLGHOEHUJ
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,WZDVFRQVWUXFWHGRQDUHFWDQJXODUSODQZKLFKZDVHDVLHUWRFRYHUZLWKDURRI7KHVPDOOVL]HPD\LQGLFDWHDOVRUDLVLQJ
KLHUDUFK\ LQ WKH FRPPXQLW\ DQG FHUHPRQLHV UHVHUYHG
IRUSHRSOHLQSRZHUDQGPD\EHSULHVWVLQVWHDGRIVRFLDO
HYHQWV 'HFRUDWLRQV LQVLGHVXSSRUW VXFKDK\SRWKHVLV
)RXU ODUJH IODWP WDOO VWRQHSLHUVSODFHG LQVLGHZHUH
FRYHUHG ZLWK UHOLHI VFXOSWXUHV UHSUHVHQWLQJ DQLPDOV
EXOOVDOLRQDFDQLGEXWDOVRDODUJHELUGDZDGHU
,Q PRVW RI WKH VRXWKHUQ FXOWXUHV D OLRQ
V\PEROL]HV WKH KLJKHVW SRZHU  7KH SXUSRVH RI WKH
VWUXFWXUHZDV XQGRXEWHGO\ D VDQFWXDU\ DQG D SODFH RI
ZRUVKLS  7KH YHUWLFDO VWRQH 7VKDSHG SLOODUV ZHUH
HPEHGGHG LQ WKHZDOORI WKHEXLOGLQJ 7KH LQWHUHVWLQJ
FKDUDFWHULVWLFRIWKLVEXLOGLQJLVWKDWWKHFLUFXODUSDWWHUQ
RI WKH WUDGLWLRQDO HQFORVXUH LV LQVFULEHG LQ WKLV QHZ
RUWKRJRQDOOD\RXWHVSHFLDOO\ZKHQZHORRNDWWKHSODQ
RIWKHEXLOGLQJIURPWKHELUG
VH\H$ODUJHQXPEHURI
QDWXUDOLVWLFVFXOSWXUHVIRXQGDOORYHU WKHVLWH UHSUHVHQW
VPDOOOL]DUGVDQGRUFURFRGLOHVDVZHOODVDPDOHKXPDQ
ILJXUH$OOWKHVHVFXOSWXUHVEHORQJWRDWUDGLWLRQZKLFK
FDQDOVREHIRXQGLQQHDUE\1HYDOLdRUL>@ORFDWHGRQ
WKH.DQWDUDVWUHDPDWULEXWDU\RIWKH(XSKUDWHVNP
1RUWK:HVWIURP*|EHNOL7HSH

&XOW%XLOGLQJLQ1HYDOLdRUL
7KHDUUDQJHPHQWRIWKH1HYDOLdRULFXOWEXLOGLQJLVEDVHGRQDVLPLODUV\PEROLFV\VWHPDQGQXPEHUVDVZHDVVXPH
UHODWHGWRWKHFDOHQGDUDQGWKHFLUFXLWRIWKHVXQDQGWKHPRRQ7KHVFXOSWXUHVIRXQGLQWKLVFRPSOH[DOVRLQGLFDWH
VLPLODULW\WRWKRVHH[FDYDWHGDW*|EHNOL7HSHHQFORVXUH'>@7KHV\PEROLFVLJQLILFDQFHRIWKHQXPEHUVPRQWKV
DQGH[SUHVVHGLQWKHLQWHULRURIDWHPSOHLVXQTXHVWLRQDEOH7KHVHWWOHPHQWGDWHV&EDFNWR%&(OD\HU
,DQGWR%&(OD\HU,,DQGLVSUHFHUDPLF,WZDVRFFXSLHGGXULQJWKHHDUO\1HROLWKLFSHULRGGXULQJ3UH3RWWHU\
%DQG$SHULRGZLWKWKHODWHVWGDWHV%&(


)LJ1HYDOLdRUL6(7XUNH\VHWWOHPHQW
ZLWKDVKULQH&F%&(JHQHUDOYLHZ
RIWKHVLWHIURPWKH(XSKUDWHVYDOOH\
)LJ1HYDOLdRUL6(7XUNH\
$HULDOYLHZRIWKHFXOWEXLOGLQJ%
OD\HU,,F%&(DIWHU
+DXSWPDQQ+
)LJ1HYDOLdRULOD\HU,,,9LHZRIWKHFXOWEXLOGLQJ
&IURPVRXWKZHVWDIWHU+DXSWPDQQ+
7KH&XOW%XLOGLQJSURYLGHVHYLGHQFHRIDKLJKO\VNLOOHGPDVWHU\RIZRUNPDQVKLSDQGWKHPHDQVRIH[SUHVVLRQXVHG
WRPDUNWKHVLJQLILFDQFHRIWKHVDFUXP,WGHPRQVWUDWHVVRPHIHDWXUHVRIPRQXPHQWDODUFKLWHFWXUHWKDQNVWRWKHXVH
RIODUJHPRQROLWKLFVWRQHV
)LJ/LRQVSLOODUV¶%XLOGLQJDW
*|EHNOL7HSH3LOODUZLWKDKDXW
UHOLHIUHSUHVHQWLQJDOLRQ&RXUWHV\
RI++DXSWPDQQ
)LJ/LRQVSLOODUV¶%XLOGLQJDW
*|EHNOL7HSH3LOODUZLWK
UHSUHVHQWDWLRQVRIDEXOODFDQLG
DQGDZDQGHULQJELUG3KRWR
DUFKLYHVRI++DXSWPDQQ
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  
)LJ5HFRQVWUXFWLRQRIWKHVKULQH&DW
1HYDOLdRULDIWHU+DXSWPDQQ+
)LJOHIW7KHSLOODURI1HYDOLdRULVKULQHZLWKDUHOLHIRIHPEUDFLQJKDQGVVLPLODUDVDW
*|EHNOL7HSHULJKWDUFKDHRORJLVWV+DQG/+DXSWPDQQ&RXUWHV\RI++DXSWPDQQ

$W1HYDOLdRULWKHWKUHHSKDVHGGHYHORSPHQWRIWKHVDQFWXDU\$%&DQGWKHWKUHHVWDJHV,,,,,,RI
WKHGHYHORSPHQWRIWKHYLOODJHKDYHEHHQGRFXPHQWHG>S@7KHVLPSOHVTXDUHV
VKDSHRID%&XOW%XLOGLQJ
SKDVH,,EXLOGLQJ[PZLWKHODERUDWHO\URXQGHGFRUQHUVVHHPVWREHUHPLQLVFHQWRIRQHURRPWUDGLWLRQDO
GZHOOLQJKRXVHVIRXQGLQWKHEDVHOD\HUVLQRWKHUVLWHVdD\|Q7HSHVLLQWKHUHJLRQZKLFKLQGLFDWHWKHVLPLODULW\LQ
PDWHULDOFXOWXUH'ZHOOLQJVH[FDYDWHGDW1HYDOÕdRULGDWHGWR%&(WRRNVKDSHRIORQJUHFWDQJXODUKRXVHVZLWK
DOLYLQJVSDFHLQIURQWDQGDUHFWDQJXODUVWRUDJHDUHDEHKLQGFDQEHFRQVLGHUHGWKHDUFKHW\SHRIWKH$QDWROLDQIDUP
KRXVHWKDWFDQVWLOOEHIRXQGWRGD\7KHKRXVHVZHUHXSWRPZLGHDQGPORQJ(YROXWLRQRIWKLVIRUPRIKRXVH
LVGRFXPHQWHGLQQHDUE\dD\|QILJ([FDYDWRUVDWWHVWHGWKDWWKHJUDGXDOGHYHORSPHQWRIEXLOGLQJFRQFHSWVDW
dD\|Q IURP URXQG IRUPV LQWR VR FDOOHG JULOOSODQV DQG WKHQ LQWR FHOO KRXVHV ILJ  LQGLFDWHV FRQWLQXLW\ LQ
RFFXSDWLRQ>S@
$W1HYDOL&RULWKHVDQFWXDU\&EXLOWLQSKDVH,,,PE\PKDGVSDWLDORUJDQL]DWLRQYHU\VLPLODUWRWKH
OD\RXWRI*|EHNOL7HSHFXOWHQFORVXUHVZLWKWKHFHQWUDOSDLURI7VKDSHGSLHUVVXUURXQGHGE\WKHUHJXODUO\GLVWULEXWHG
VLPLODUSLOODUV$OWKRXJKWKHIXQFWLRQRI1HYDOLdRULVWUXFWXUHVLVQRWIXOO\FOHDULWVXUHO\SODLGUROHRIDFXOWEXLOGLQJ
DQGLWZDVFRYHUHGZLWKDURRIVXSSRUWHGE\DWOHDVWVWRQHSLOODUV


)LJdD\|Q7HSHVL6XFFHVLYHOD\HUVRIH[FDYDWHGKRXVHVLOOXVWUDWHWKHHYROXWLRQ
IURPFLUFXODUSODQWRJULOOSODQGZHOOLQJV&RXUWHV\RI$g]GRJDQ
7HQRIWKHVH7VKDSHGSLOODUVZHUHHPEHGGHGLQWKHEHQFKDQGWZRRWKHUVIODQNHGWKHHQWUDQFH7KHVSDFHRIWKH
LQWHULRUZDVRUJDQL]HGLQDUHJXODUDQGPRQXPHQWDOZD\ZLWKDFHQWUDOO\SODFHGQLFKHLQDEDFNZDOOIODQNHGE\WZR
SLOODUV%HQFKHVUXQQLQJDORQJWKUHHZDOOVZHUHFRYHUHGZLWKVODEVRIKDUGOLPHVWRQH)LJ7KHIRFXVLQWKH
GHVLJQRIDFXOWVWUXFWXUHZDVSODFHGRQWKHFHUHPRQLDODQGJDWKHULQJIXQFWLRQRILWVLQWHULRUZKLFKIORRUZDVSDUWLDOO\
GHSUHVVHGLQDJURXQG2QWKHZLGHUORZHUSDUWRIWKHSLOODUVWKHUHZHUHFDUYHGLQVWRQHEHQWDUPVWKDWMRLQHGKDQGV
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DURXQGWKHSLOODU WKXVFUHDWLQJDIRUPRI WULDQJOHVRQWZRRSSRVLWHVLGHVILJDQGSRVVLEO\H[SUHVVLQJWKH
ERGLHVRIVW\OL]HGKXPDQVRUFRQFHLYDEO\JRGV
&RQFOXVLRQ
:KHQVHDUFKLQJIRU WKHSULQFLSDOUXOHV OLQNLQJWHPSOHV LQDQDO\VHGVHWWOHPHQWVDQGULWXDOHQFORVXUHVLQ WKHRSHQ
ODQGVFDSHZHGLVFRYHUUHPDUNDEOHVLPLODULW\$OWKRXJKVPDOOHULQVL]HWKH1HYDOLdRULVDQFWXDU\ZDVRUJDQL]HGLQ
WKHVLPLODUPDQQHUDVWKHRSHQHQFORVXUHVLQ*|EHNOL7HSH,QERWKFDVHVWZRFHQWUDOVWRQHSLHUVZHUHVXUURXQGHGE\
RU7VKDSHGSLOODUV HPEHGGHG LQ WKH VXUURXQGHGZDOOV7KLV DUFKHW\SLFDO IRUPRI WKH3UH3RWWHU\1HROLWKLF
WHPSOHVLJQLILHVWKHWUDQVLWLRQIURPVRFLHW\RIKXQWLQJJDWKHUHUV¶WRDJULFXOWXUHEDVHGFRPPXQLW\7KHSDUDGLJP
EDVHGRQPHDVXULQJWLPHLQDFLUFXLWRIVHDVRQVDQGDVWURV\PEROLVPHODERUDWHGLQWKHRSHQODLGIRXQGDWLRQVRIWKH
HDUOLHVWUHFRJQL]HGFDQRQRIDUFKLWHFWXUHEXLOWIRUULWXDOVDVZHOODVIRUFRPPXQLW\JDWKHULQJSXUSRVHVWKXVEHFDPH
DQH[SUHVVLRQRI1HROLWKLFYDOXHV7KHFRPSDULVRQRIWKHUHVHDUFKDOVRFRQILUPHGWKHJHQHUDOSULQFLSOHH[SODLQHGE\
WKHVWXGLHVLQ2QWRJHQHVLVRI$UFKLWHFWXUH7KHRULJLQVRI1HROLWKLFFXOWEXLOGLQJVUHIOHFWWKHFRPSOH[HYROXWLRQEDVHG
RQWZRVRXUFHVDVLPSOHDUFKDLFKXWZKLFKZDVPRQXPHQWDOL]HGDQGRQQRPDGLFFXOWHQFORVXUHZKLFKZDVDUUDQJHG
LQRSHQODQGVFDSH
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